ATTORNEYS D^BOET M^ENT APPLICATION 

062891 . 0370 



METHOD AND SYSTEM FOR REPROGRAMMING 
INSTRUCTIONS FOR A SWITCH 



TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field o 
telecommunication switching, and more particularly to 
method and system for reprogramming instructions for 
switch . 
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BACKGROUND OF THE INVENTION 

The Internet has dramatically increased the 
potential for data, voice, and video services for 
customers. Existing circuit-switched telephony systems, 
5 however, do not provide the foundation to support the 
growing need for bandwidth and new services required by 
both residential and business consumers. As a_ result, 
integrated access devices (IADs) have been introduced to 
support Internet and related technologies as. well as 

10 standard telephony service for customers. 

IADs often combine synchronous and asynchronous 
transport and switch functionality to multiplex data, 
voice, and video traffic together onto a single network. 
Within an IAD, a time division multiplex (TDM) bus is 

15 typically used to transport voice and other synchronous 
traffic between the line cards and a switch core. An 
asynchronous transfer mode (ATM) bus is used to transport 
ATM traffic between the line cards and the switch core. 



20 asynchronously while TDM traffic arrives in a regular and 
periodic fashion. Separate ATM and TDM switch hardware 
are provided to receive and process the ATM and TDM 
traffic , respectively. 



25 synchronous switch such as a time slot interchanger (TSI) 
that cross -connects the TDM channels based on switching 



instructions are preprogrammed into the switching memory 
by a processor and may be altered by the processor in 
30 response to protection switching and other events. 

For 1:N protection switching, a standby card in the 
system is provided to be activated in case one of a 



At the switch core, ATM traffic normally arrives 



Typically, 



the TDM traffic is switched by a 



instructions in a switching memory. 



The switching 



ATTORNEYS Dl 
062891.0370 




!T 




ENT APPLICATION 



3 



number of designated cards malfunctions. When a defect 
is detected in an operating card and the standby card is 
activated in its place, the switching memory for the TSI 
is reprogrammed to write each instruction for the failed 
5 card to the instructions for the activated card. This 
reprogramming of the • switching memory involves a large 
number of microprocessor operations which are relatively 
time consuming. As a result, protection switching is 
slowed down in the TSI and may not conform to some 
10 telecommunication standards. 
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SUMMARY OF THE INVENTION 

The present invention provides a method and system 
for reprogramming instructions or other routing 
parameters for a time slot interchanger (TSI) or other 
5 switch that substantially eliminates or reduces problems 
and disadvantages associated with previous systems and 
methods. In particular, each set' of routing parameters 
in a routing memory is selectively associated with a line 
card in a redirection memory that can be reprogrammed to 

10 switch a routing parameter set for a failed line card to 
a protect line card with minimal processor operations. 

In accordance with one embodiment of the present 
invention, a method and system for reprogramming 
instructions for a switch includes programming a 

15 redirection memory to associate a routing parameter set 
in a routing memory for the switch with a first line 
card. The routing parameter set includes a plurality of 
routing parameters to be provided to the switch to 
service the first line card. In response to an event 

20 initiating activation of a second line card in place of 
the first line card, the redirection memory is 
reprogrammed to associate the routing parameter set in 
the routing memory with the second line card. 

More specifically, in accordance with a particular 

2 5 embodiment of the present invention, the routing 
parameters are instructions, the routing parameter set is 
an instruction set and the routing memory is an 
instruction memory for a synchronous switch. In this and 
other embodiments, the event may be a failure of the 

30 first line card. The redirection memory may be initially 
programmed to associate a second instruction set in the 
instruction memory with the second line card. The second 
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instruction set includes a plurality of instructions to 
be provided to the synchronous switch to service the 
second line card. In response to the event initiating 
activation of the second line card in place of the first 
5 line card, the redirection memory is reprogrammed to 
associate the second instruction set with the first line 
card. In this way, instruction sets are switched between 
the line cards. The synchronous switch may be a time 
slot interchanger (TSI) or other suitable switch. 

10 In accordance with one . aspect of the present 

invention, instructions are provided to the synchronous 
switch by generating a count value including a first 
portion and a second portion. The second portion is 
operable to identify a relative location in one of a 

15 plurality of instruction sets in an instruction memory 
for the synchronous switch. The redirection value is 
determined for the first portion of the count value based 
on the first portion of the count value. The redirection 
value identifies an instruction set in the instruction 

2 0 memory. An instruction is read from the relative 

location in the instruction set based on the redirection 
value and the second portion of the count value. In a 
particular embodiment, the count value is a unitary value 
in which the first portion comprises a set of most 
25 significant bits (MSB) of the unitary value and the 
second portion comprises a set of least significant bits 
(LSB) of the unitary value. 

Technical advantages of the present invention 
include providing an improved method and system for 

3 0 reprogramming routing parameters for a switch, such 

instructions for a TSI. In particular, each set of 
instructions in the instruction memory is selectively 
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associated with a line card in a programmable redirection 
memory. The redirection memory may be reprogrammed with 
minimal processor operations to switch an instruction set 
of a failed line card to a protect line card. As a 
result, processor operations and cycles are reduced for 
protection switching. Thus, protection switching occurs 
rapidly and within the time required by the 
telecommunication standards . 

Another technical advantage of the present invention 
includes providing an improved TSI or other suitable 
switch. In particular, the TSI includes an instruction 
memory and a redirection memory for associating 
instruction sets with the line cards serviced by the TSI. 
The redirection memory adds a level of indirection to the 
TSI that allows N:l protection switching reprogramming to 
be performed with only two processor operations. 
Accordingly, the TSI operates more efficiently and within 
telecommunication standards . 

Other technical advantages of the present invention 
will be readily apparent to one skilled in the art from 
the following figures, description, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of present 
invention and its advantages, reference is now made to 
the following description taken in conjunction with the 
accompanying drawings, wherein like reference numerals 
represent like parts, in which: 

FIGURE 1 is a block diagram illustrating a 
telecommunications system in accordance with one 
embodiment of the present invention; 

FIGURE 2 is a block diagram illustrating a detailed 
view of a node in the telecommunications system of FIGURE 
1 in accordance with one embodiment of the present 
invention; 

FIGURE 3 is a block diagram illustrating details of 
the synchronous switch of FIGURE 2 in accordance with one 
embodiment of the present invention; 

FIGURE 4 is a block diagram illustrating a details 
of the instruction system of FIGURE 3 in accordance with 
one embodiment of the present invention; 

FIGURE 5 is a block diagram illustrating details of 
the redirection memory of FIGURE 4 in accordance with one 
embodiment of the present invention; and 

FIGURE 6 is a flow diagram illustrating a method for 
reprogramming instructions for the time slot interchanger 
(TSI) of FIGURE 3 in accordance with one embodiment of 
the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates a telecommunications system 10 
in accordance with one embodiment of the present 



voice, data, video, other suitable types of information, 
and/or a combination of different types of information 
between source and destination points. 

Referring to FIGURE 1, the telecommunications system 
10 10 includes customer premise equipment (CPE) 12 and 
integrated access devices (IADs) 14 connecting the CPE 12 
to a network 16. The IADs 14 communicate voice, data, 

and/or video traffic between the CPE 12 and the network 
16. 

15 The CPE 12 includes standard telephones, modems, 

computers, dataphones, and other devices capable of 
generating traffic for transmission in the 

telecommunications system 10. The CPE 12 is connected to 
the IADs 14 through a communication link 20. The 

2 0 communication link 2 0 may be a Tl line, conventional 
twisted pair cable, fiber optic, or other suitable type 
of wireline and/or wireless link. 

The network 16 may include portions of the Internet, 
one or more intranets, other wide or local area networks, 

25 telephony switches such as a class 5 switch and the like. 
In a particular embodiment, the network 16 includes 
backbone routers 18 at its borders for communicating with 
the IADs 14. In this embodiment, the backbone routers 18 
may be Cisco 12000 routers. It will be understood that 

30 different types of backbone routers 18 as well as 
different types of devices capable of directing, 



5 



invention . 



The telecommunications system 10 transmits 



ATTORNEYS D< 
062891.0370 




IT 




ENT APPLICATION 



9 



switching, or otherwise routing traffic may be used in 
connection with the present invention. 

FIGURE 2 illustrates details of the IAD 14 in 
accordance with one embodiment of the present invention. 
5 In this embodiment, the IAD 14 is implemented in a card 
shelf configuration with functionality of the device 
distributed between discrete cards connected over a 
backplane. The backplane includes one or more 

transmission busses connecting line cards and switch 

10 cards. It will be understood that other types of access 
devices and/or nodes may be used in connection with the 
present invention . 

Referring to FIGURE 2, the IAD 14 includes line 
cards 40, a switch core 44, and a backplane 46. The line 

15. cards 40 and switch cards of the switch core 44 each 
include hardware and software stored in random access 
memory (RAM) , read only memory (ROM) , and/or other 
suitable computer- readable memory for performing switch 
and other functionality of the cards. The line cards 40 

20 are each a discrete card configured to plug into the 
backplane 46. Used herein, each means every one of at 
least a subset of the identified items. The switch core 
44 comprises one or more discrete switch cards also 
configured to plug into the backplane 46. 

2 5 The line cards 4 0 include customer line cards 4 8 and 

network line cards 50 that communicate traffic with 
network 16. Each line card 48 and 50 includes one or 
more external interfaces, or ports, one or more internal 
interfaces, and a traffic processor. The ports receive 

30 ingress traffic from an external line and/or transmit 
egress traffic received by the internal interfaces from 
the switch core 44. The internal interfaces transmit 
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ingress traffic received by the ports from the external 
links and receive egress traffic from the switch core 44. 
The internal interfaces communicate with the switch core 



5 preferably local to the line card 40 and includes 
hardware and software for processing telephony voice (DS- 
0) synchronous transmission signal (STS-N) traffic, 
integrated services digital network (ISDN) traffic, 
synchronous optical network (SONET) traffic, synchronous 

10 digital hierarchy (SDH) , asynchronous transfer mode 
(ATM) , and/or other suitable traffic. 

The switch core 44 includes a synchronous switch 52 
that performs time division multiplex (TDM) switching and 
an ATM switch 54 that performs cell -based switching. The 

15 synchronous switch 52 provides cross-connection for 
telephony connections, SONET SPEs, other synchronized 
traffic, and asynchronous traffic segmented into time 
slots. The ATM switch 54 switches ATM cell traffic, ATM 
adaption layer (AAL) cell traffic, and segmented packet 

20 traffic. The switch core 44 may also convert traffic 
between the TDM and ATM realms to establish cross- 
connection between line cards 40. 

The switch core 44 or other suitable element of the 
IAD 14 may implement protection switching for the device 

25 14. In a particular embodiment, 1:N protection switching 
is provided in the device. In this embodiment, one or 
more protect line cards 4 0 provide protection for a 
number of active line cards 40. When a defect is 
detected in an active line card 40, the line card 40 is 

30 deactivated and the protect line card 40 activated in its 
place. As described in more detail below, switching 



44 over the backplane 46. 



The traffic processor is 
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instructions are modified within the switch core 44 to 
correspond to the change in status of the line cards 40. 

FIGURE 3 illustrates the synchronous switch 52 in 
accordance with one embodiment of the present invention. 
5 In this embodiment, the synchronous switch 52 switches 16 
bit traffic based on 36 bit instructions. The 16 bit 
time slots allows channel associated signaling (CAS) and 
other overhead and/or superframe information to be 
transported and switched with the traffic. The 36 bit 

10 instructions allow sub-channel traffic to be 
consolidated, expanded, and switched within the 
synchronous switch 52 . Further details regarding the 16 
bit time slots and 36 bit instructions are provided in 
co-owned U.S. Patent Application Serial No. 09/452,828, 

15 entitled Time Slot Interchanger (TSI) and Method for a 
Telecommunications Node filed December 1, 1999, which is 
hereby incorporated by reference. 

Referring to FIGURE 3, the synchronous switch 52 
includes a time slot interchanger (TSI) 80 and an 

2 0 instruction system 82 that provides instruction words to 
the TSI 80. Based on the instruction words, the TSI 80 
performs cross connections between TDM channels of the 
line cards 4 0 . 



synchronization, and protection (TTSP) interface 90 and 
an output TTSP interface 92. The input TTSP interface 90 
includes a serial- to-parallel converter for each line 
card link and a concentrator 94 that multiplexes together 
30 the parallel stream produced by the serial -to-parallel 
converters. In the illustrated embodiment, the 

concentrator 94 generates a 16 bit composite stream that 



25 



time 



The TSI 8 0 is coupled to the line cards 4 0 through a 
slot bus (TSB) , an input TSB timing, 
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is input into the TSI 80. The TSI 80, in turn, generates 
a 16 bit output stream that is passed to the output TTSP 
interface 92 . The output TTSP interface 92 includes an 
expander 96 that de-multiplexes and serializes the TSI 80 
5 output for each line card link. The de -multiplex output 
is serialized by the serializers for transmission to line 
cards 40. 

The TSI 80 is coupled to an exchange memory 10 0 
through a bank selector 102. The exchange memory 100 

10 includes exchange RAM 0 and exchange RAM 1 between which 
the TSI 80 alternates each frame cycle. In particular, 
egress traffic is stored into one of the exchange RAMs 
each frame while traffic from a previous frame is read 
out of the other exchange RAM during the frame. The bank 

15 selector 102 alternately selects each of the exchange 
RAMs for receiving ingress traffic written to the 
exchange memory 100 by the TSI 80 or providing egress 
traffic read from the exchange memory 100 by the TSI 80. 



2 0 and provides program switching instructions to the TSI 80 
in the form of instruction words. The instruction words 
provides read and write operations for transferring DS-0 
and other traffic between time slots of the line cards 
40. In this way, the TSI 80 cross-connects TDM channels 

25 in the IAD 14. 

FIGURE 4 illustrates the instruction system 82 in 
accordance with one embodiment of the present invention. 
In this embodiment, the instruction system 82 includes an 
instruction memory 110, instruction counter 112, 

30 redirection memory 114 and a controller 116. It will be 
understood that the instruction system 82 may include 



The instruction system 82 is coupled to the TSI 80 
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additional or disparate suitable elements without 
departing from the scope of the present invention. 

Referring to FIGURE 4, the instruction memory 110 is 
a RAM or other suitable memory or set of memories capable 
5 of storing and providing instructions to the TSI 80. The 
instruction RAM 110 includes an instruction set 120 for 
each line card 40 of the IAD 14. Each instruction set 
120 includes an instruction 122 for each time slot of the 
associated line card 40. Thus, the instruction set 120 

10 provides cross-connection information for each time slot 
of the line card 40. In an exemplary embodiment in which 
the IAD 14 includes 32 line cards that each have 256 time 
slots per frame, the instruction RAM 110 includes 32 
instruction sets 120 that each have 256 instructions for 

15 a total of 8,192 instructions. It will be understood 
that the size and number of the instruction sets 120 may 
be suitably varied to correspond to the configuration of 
the IAD 14 . 



2 0 value that, as redirected by the redirection memory 114, 
sets the order of instructions 122 to be read from the 
instruction RAM 110 by the TSI 80. The count value is 
incremented linearly during each frame cycle of the TSI 
80 from an initial value that absent redirection 

25 represents the first instruction 122 in the first 
instruction set 12 0 to a final value that absent 
redirection represents the last instruction 122 of the 
last instruction set 120. The total count value 

corresponds to the number of instructions 122 in the 

30 instruction RAM 110. In this way, each instruction 122 
is read from the instruction RAM 110 to the TSI 80 during 
each cycle of the TSI 80. In the exemplary embodiment, 



The counter 112 generates an incrementing count 
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the count value is a binary value incremented from zero 
to 8,191 to read the 8,192 instructions 122 of the 
instruction RAM 110. 

The count value includes a first portion operable to 
5 identify the instruction set 120 and a second portion 
operable to identify the particular instruction 122 in 
the instruction set 12 0 to be read. In the exemplary 
embodiment, the count value is a 12 bit binary value 
including most significant bits (MSB) 0-4 that identify 

10 the instruction set 120 and least significant bits (LSB) 
5-11 that identify the location of an instruction 122 
relative to an instruction set 120. The MSBs are passed 
to the redirection memory 114 for redirection in 
accordance with the current state of the IAD 14 while the 

15 LSBs are passed to the instruction RAM 110 to identify an 
instruction 122 in an instruction set 120 identified by 
the redirection memory 114 based on the MSBs received 
from the counter 112. It will be understood that the 
counter 112 may otherwise suitably identify an 

20 instruction set 120 and an instruction 122 and that the 
count value may be otherwise suitably partitioned for 
redirection of the instruction set 120 without departing 
from the scope of the present invention. For example, 
the counter 112 may include two or more component 

25 counters that generate discrete values that together 
represent the incrementing count value. The counter 112 
may be any type of device capable of generating a signal 
that selects each of the instructions 122 in the 
instruction RAM 110 in a programmable order. 

30 The redirection memory 114 is a register bank or 

other suitable type of memory, software, and/or hardware 
capable of associating an input instruction set 12 0 
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identified by the counter 112 with an output instruction 
set 120 to be read from in the instruction RAM 110, and 
thus associates each line card 40 with an instruction set 
120. The redirection memory 114 adds a level of 

5 indirection to the TSI 80. As described in more detail 
below, the redirection memory 114 allows instruction sets 
120 to be selectively associated with the line cards 40 
to facility protection switching in the IAD 14 within the 
time required by telecommunication standards. The 

10 redirection register 114 may also allow an instruction 
set 120 to be associated with a plurality of line cards 
40 by listing it as the output instruction sets 120 for 
the line cards 40. Similarly, instruction sets 120 may 
be skipped by omitting them in the redirection memory 

15 114. 

The controller 116 programs the redirection memory 
114 to establish and alter associations between the line 
cards 40 and the instruction sets 120. The controller 
116 may be any suitable type of processor running on 

20 program instructions or other logic capable of 
programming the .redirection memory 114 in response to 
protection switching events within the IAD 14. In one 
embodiment, the controller 116 may be a processor in the 
switch core 44 that dynamically programs the redirection 

2 5 memory 114 . 

FIGURE 5 is a block diagram illustrating the 
redirection memory 114 in accordance with one embodiment 
of the present invention. In this embodiment, the 

redirection memory 114 is implemented as a register bank 

30 130. The redirection register bank 130 includes an input 
set of registers 132 and an associated output set of 
registers 134. The input registers 132 include an 



ATTORNEYS D 
062891.0370 




!T 




INT APPLICATION 



16 



identifier for each instruction set 122 in the 
instruction RAM 110, which corresponds to an instruction 
set 120 for each line card 40. The input instruction set 
is used to associate the instruction set identified by- 



output instruction set is programmable by the controller 
to selectively associate as a unit any instruction set 
120 in the instruction RAM 110 with any line card 40. 

In operation, the input and output instruction sets 

10 in the redirection register bank 13 0 may be the same when 
the IAD 14 is under normal operating conditions with no 
failed line cards 40. In the event of a line card 40 
failure and activation of a protect line card 40, the 
output instruction set 12 0 for the activated line card 4 0 

15 is reprogrammed to the instruction set 12 0 that had been 
associated with the failed line card 40 to enable the 
protect line card 40 to perform the instructions, and 
thus the cross connections for the failed line card 40. 
Similarly, the output instruction set 120 for the failed 

2 0 line card 4 0 may be reprogrammed to the instruction set 
120 that had been associated with the active line card 40 
to allow the failed line card 40 to perform instructions 
and thus cross connections previously performed by the 
protect line card 40 to the extent possible. This is 

25 typically low priority traffic supported on an as 
available basis. Reprogramming of the redirection memory 
114 may be initiated in response to another suitable 
event initiating activation of one card in place of 
another. An action is in response to an event when it is 

30 directly or indirectly based on at least the event. 

In this way, the TSI 80 is reprogrammed to account 
for protection switching with only two processor 



5 the count value with an output instruction set. 



The 
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operations . 



As a result, 



protection switching occurs 



rapidly and within the time required by telecommunication 
standards. For example, upon failure of line card "2" 
and activation of protect card "30", activated line card 
5 "30" is associated with the output instruction set "2" 
and the failed line card "2" is associated with output 
instruction set M 30". Thus, when the count value 

indicates that the instructions 122 for line card "30 " 
are to be read, the redirection memory 114 will instead 
10 read the instructions for line card "2". Thus, line card 
"30" will perform the instruction in place of line card 



FIGURE 6 is a flow diagram illustrating a method for 
conducting protection switching and reprogramming a 
15 switch in accordance with one embodiment of the present 



packet switch, ATM switch or other suitable switching 
system including a plurality of line cards, one or more 
standby or swappable line cards and routing parameters 

20 associated with the line cards. The routing parameters 
are routing tables, instructions, and other information 
operable to direct traffic in a switching system. 

In the illustrated embodiment, the switch is the TSI 
80 and a 1:N protection switching is implemented by the 

25 IAD 14. It will be understood that other suitable types 
of protection switching may be implemented in accordance 
with the present invention. 

Referring to FIGURE 6, the method begins at step 150 
in which a first instruction set 120 is associated with a 

30 first, or working, line card 40. Next, at step 152, a 
second instruction set 120 is associated with a second, 
or protect, line card 40. These associations may be made 



invention . 



The switch may be a synchronous switch, 
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prior to or during operation of the IAD 14. At step 154, 
failure of the working line card 40 is detected. Next, 
at step 156, the protect line card 40 is activated. At 
step 158, the failed line card 40 is deactivated. 



120 corresponding to the failed line card 40, or the 
first instruction set 120 is associated with the input 
instruction set 120 corresponding to the activated line 
card 40 in the redirection memory 114. At step 158, the 

10 output instruction set 120 corresponding to the activated 
card 40, or second instruction set 120, is associated 
with the input instruction set 120 corresponding to the 
failed line card 40 in the redirection memory 114. 
Accordingly, the activated line card 40 will perform the 

15 instructions in place of the failed line card 40. The 
failed line card 40 will perform the instructions of the 
activated line card 40, which may cross connect low 
priority traffic supported on an as available basis or 
may be a null set. In this way, protection switching is 

2 0 provided with minimal processor operations and in minimal 
time . 



modifications may be suggested to one skilled in the art. 
25 It is intended that the present invention encompass such 
changes and modifications as fall within the scope of the 
appended claims. 



5 



Proceeding to step 160, the output instruction set 



with 



Although the present invention has been described 
several embodiments, various changes and 



